Seeds of the diploid, Triticum aegilopoides (2n = 2x = 14 = AA), the tetraploid, Aegilops ventricosa (2n = 4x = 28 = MVMVDD) and their synthetic hexaploid (2n = 6x = 42 = AADD MVMV) were treated with gamma rays (16 kR) and with 1 % aqueous solution of ethyl methanesulphonate (EMS) for 1& hours and 3 hours. In the diploid no mutation was observed probably owing to the low number of M, seedlings derived from gamma rays treatment. The gamma rays seemed to produce more mutations than EMS in the tetraploid. In the hexaploid, the gamma rays and EMS seemed equally effective in producing mutations. At all levels of ploidy, EMS treatment for 3 hours induced more mutations than the EMS treatment for 1& hours. The present results confirm earlier results obtained from studies of induced mutations in natural polyploids and their putative parents. The induced chlorophyll mutations decreased with increasing number of homoeologous genomes. The buffering of the genic system behind the chlorophyll apparatus in the synthetic amphiploid was comparable with the situation in natural amphiploids. The synthetic amphiploid provides an additional example of homoeoallelism. The evolutionary significance and the possible roles of induced recessive mutations in improving the wild characters of Triticum aegilopoides, Aegilops ventricosa and of their synthetic amphiploid are discussed with reference to the incorporation of useful genetic variations into the cultivated wheats.
cum and Aegilops are classical examples of polyploid series. It is now generally accepted that at least two diploid species of Aegilops have participated in the evolution of the polyploid species of Triticum. Indeed, in both genera species are found which possess common genomes. For instance, the tetraploid Aegilops ventricosa (MVMVDD) which is a natural amphiploid of two diploid species, Aegilops uniaristata and Aegilops squarrosa (MATSUMOTO et al. 1957) , shares a common genome with hexaploid bread wheat, Triticum aestivum (AABBDD).
Induction of mutations in Aegilops ventricosa
and its synthetic amphiploid with the donor of the A genome of wheat, Triticum aegilopoides, has therefore both practical and evolutionary significance.
Many workers (STADLER 1929; MAC KEY 1959 , 1967 MATSUMURA 1959; CALDECOTT et al. 1965; SWAMINATHAN 1965 SWAMINATHAN , 1966 ) have reported about the modifying influence of polyploidy on induced mutations in plants but these studies are confined either to natural polyploid series or to synthetic autopolyploids. Mutation studies on synthetic allopolyploids and their constituent natural species do not seem to have been reported. The present paper reports such studies. (HAAHR 1971, pers. comm.) . Prior to the EMS treatment, seeds were soaked in distilled water for 16 hours. The seeds were then immersed in a freshly prepared 1 'yo aqueous solution of EMS and were shaken by means of a mechanical mixer for 1 1/2 or 3 hours. After each EMS treatment the seeds were washed in running tap water and then sown individually in plastic germinating trays in a greenhouse. The gamma-ray-treated seeds were also sown at the same time in the same way. Two types of controls were grown. Control I (Table 1) consisted of the untreated dry seeds comparable with the gamma-ray-treated dry seeds. In control I1 (Table l) , untreated dry seeds were soaked in distilled water for 16 hours for comparison with the EMS-treated material. All the controls were grown along with the treated material under the same conditions. Twenty days after sowing, the surviving MI plants and the respective controls were transferred to 15 cm plastic pots and grown in the normal way in the greenhouse.
The Mz chlorophyll mutants were scored in several series under greenhouse conditions. A fraction of the harvest from each diploid (2x), tetraploid (4x) and the hexaploid (6x) ( Table 1) was included in one series to level out possible variations in the greenhouse conditions. All harvested MI spikes were sown. Spikes which did not produce any seedling were classified as sterile.
Hereditas 73, 1973
The exact number of chlorophyll mutants and normal plants in each mutated or unmutated spike was scored after 8 to 10 days. The chlorophyll mutants were classified according to the system of GUSTAFSSON (1940). Phenotypically identical mutants, occurring in different spikes of a single M, plant, were treated as a single "mutant cluster" (FRYDENBERG et al. 1964).
GUSTAFSSON'S classification was extended to include an important seedling character in the Argilops-Triticum group, viz. coleoptile colour. Untreated plants of Triticum aegilopoides, Avgilops ventricosn and of the synthetic amphiploid had red coleoptiles as usual. However, some Ma seedlings of the synthetic amphiploid (6x) derived from gamma rays (16 kR) as well as EMS (3 hours) treatments, had green coleoptiles. This is probably the gene "g" designated by SMITH (1939) ("g-----green base. Absence or reduction of red pigment, especially apparent in the coleoptile------".)
Experimental results
Data on germination, survival and spike characters of the treated and untreated plants of the diploid (2x) Triticum aegilopoides, the tetraploid (4x) Aegilops venfricosu and the hexaploid (6x) synthetic amphiploid Aegilops ventricosa X Tritirum aegilopoides are presented in Table 1 . Primarily, the object of the present work was not to evaluate the effectiveness or efficiency of different mutagens but it is also useful to study the results (Table 1 ) to see if they provide indications of the advantages and disadvantages of some I reatments.
In the diploid group the germination was only 5 yo after treatment with 16 kR. It was 74 % and 66 % respectively after EMS (1 1/2 hours and 3 hours) treatment.
In the tetraploid and the hexaploid groups ( Table 1) there appeared not much difference in the germination percentages of the seeds treated with gamma rays (16 kR) or with EMS (1 1/2 hours and 3 hours). In the synthetic amphiploid the germination was particularly good (more than
%).
A comparison of the effects of gamma rays on seed germination on various levels of ploidy shows that the germination percentages were 5, 50, and 97 for the diploid, tetraploid and hexaploid, respectively ( Table 1) .
After germination all the treated and untreated plants of the diploid and the hexaploid survived to maturity. However, some plants (Table 1) of Aegilops ventricosa, treated with gamma rays as well as with EMS, died at the seedling stage.
At all levels of ploidy the percentage of sterile M, spikes was higher in the gamma-ray-treated plants than in the EMS-treated plants. At the diploid level the sterility was quite pronounced (76 yo) in the gamma-ray treated plants. At the same (2x) level, the sterility was 13 yo and 16 yo, respectively, in the EMS-treated plants. In the tetraploid, the sterility was 12 % (gamma-rays), 10 % (EMS, 1 1/2 hours) and 5 % (EMS, 3 hours) and in the hexaploid the sterility percentages were 31, 3 and 6, respectively ( Table 1) . Table 2 presents data on the mutations induced by gamma rays and EMS at various levels of ploidy.
In the present work the coleoptile mutants (see Material and methods) have been classified with "others" (see the last column of Table 2 ) but have been italicized in order to differentiate them from the conventional "others".
The results in Table 2 show that "Coleoptile mutants" were not found at the diploid or tetraploid levels but chlorophyll mutants were quite frequent. Likewise, at the hexaploid level coleoptile mutants were observed but albina, viridis and xantha types were not found.
In the diploid the low number (47) of M, seedlings in the 16 kR treatment (Table 2) did not allow any mutation to be registered. In the tetraploid, however, the 16 kR treatment appeared more effective (6 %, , M, mutant frequency) than the EMS treatment (0.3 and 2.4 X0 M, mutant frequency). In the hexaploid, however, there was no such evidence and gamma rays (1 6 kR) as well as EMS (3 hours) appeared equally effective in inducing M, mutants (Table 2) .
At all levels of ploidy EMS treatment for 3 hours was more effective than a 1 1/2-hour treatment. In the diploid the M, mutant frequency was 16.5 and 41.3, respectively, in 1 1/2 hours and 3 hours. Similarly, in the tetraploid M, mutant frequency was 0.3 for 1 1/2 hours and 2.4 for 3 hours. In the hexaploid no mutation was induced by EMS in I 1/2 hours, whereas the M, mutant frequency was 1.4 in the 3-hour treatment ( Table  2) 
Discussion
Tho present investigation is perhaps the first attempt to study the induced mutations in a synthetic allopolyploid and its constituent natural species. The results obtained, however, are not difierent from those reported by other workers for natural allopolyploids and their putative parents (STADLER 1929; MACKEY 1959 MACKEY , 1967 CALDECOTT et. al. 1965; SWAMINATHAN 1965) . The present results therefore confirm the earlier results that the rate of induced chlorophyll mutations decreases with increasing number of honiol-OYOLIS or homoeologous genomes. This has been interpreted to imply that the duplication or triplication of genes in a polyploid prevents phenotypic expression of chlorophyll mutations (MAC Kt,v 1959 , 1967 . Moreover, the rigour of the somatic and gametic sieves, influencing the extent to which mutations survive and find phenotypic expression, is much more severe in a diploid than in a polyploid (SWAMINATHAN 1965) .
Mutations have played a vital role in the evolution of allopolyploidy. New systematic categories in the genus Triticum such as spelta, compactum, and sphaerococcum have arisen through tandem repeats (SWAMINATHAN 1966) . Mutations are also uctively involved in the diploidization of allopolyploids as has been demonstrated by the classical studies of the 5B system (WALL et al. 1971 ). Detection and exploitation of similar systems in t hc synthetic allopolyploids can greatly enhance the analytical value (SIDDIQUI 1969) of these raw amphiploids.
The genetic diploidizing system, operative in Aegilops ventricosa, appears to be different from that of Trificum aestivum. For instance, Aegilops ventricosa seems to possess a genetic system which alters the potency of the B genome in the trigeneric Aegilops X Triticum X Secale hybrids (SIDDIQUI 1972) . However, the present studies (Table 2) suggest that the buffering of the genic system behind the chlorophyll apparatus was as effective in the synthetic amphiploid involving Aegi/ops ventricosa as it is in hexaploid wheat (MAC KEY 1959) . Such buffering acts as a good indicator of the degree of allopolyploidy (MAC KEY 1967) .
The synthetic allopolyploid (Table 2 ) thus provides an additional example of 'homoeoallelism' (WASHINGTON 1971) . This is consistent with a recent suggestion (WAINES 1969) that Aegilops uniaristata and Aegilops syuarrosa (the two natural diploids which have combined to form the natural tetraploid Aegilops ventricosa) have many genes in common. Aegilops ventricosa, therefore, behaves more like an autotetraploid than an allopolyploid. Obviously, the addition of the homoeologous A genome to the DDMVMV genomes of Aegilops ventricosa has provided the synthetic amphiploid with 'a more complete' (MAC KEY 1959) genic system behind the chlorophyll apparatus.
Triticum aegilopoides, Aegilops ventricosa and the synthetic amphloid (Table 2 ) all appear to be suitable materials for induction of useful mutations. The A genomes of the diploid, tetraploid and hexaploid species of wheat are derived from Triticum aegilopoides. Further studies of induced mutations involving varied specimens of this species in different diploid, allopolyploid or autopolyploid combinations would shed new light on the evolution of the A genome.
Aegilops ventricosa has many undesirable characters which are dominant in crosses with species of Triticum (OPEKE 1964; SIDDIQUI I971 b) . Selection of appropriate recessive mutants should therefore render this species more suitable for the transference of useful alien genetic variation into wheat.
Efforts to transfer useful characters of Aegilops ventricosa (JONES 1938; KIMBER 1967; Dous-SINAULT 1970; MIELKE 1970) into wheat by using the present amphiploid (6x) were frustrated by the fact that the hybrids were sterile (SIDDIQUI and JONES 1967) . Further evaluation of the mutants derived from the amphiploid (Table 2) might provide the type which would facilitate the 'inter-amphiploid gene flow' (ZOHARY 1970) . Alternatively, mutants derived from Triticum aegilopoides and Aegilops ventricosa can be inter-crossed to produce new synthetic amphiploids (SIDDIQUI 1971a). These amphiploids might break the persistent isolating mechanism between Aegilops and Triticum. Such studies would also enable us to trace in greater detail the precise pathway of many recessive mutations during the evolution of our cultivated wheats.
